Host defense against Mycobacterium tuberculosis (MTB) is essentially a cell mediated immune response. The aim of this study is to assess immune abnormalities in the peripheral blood lymphocyte subsets in patients with pulmonary tuberculosis. Flowcytometry data for peripheral blood lymphocyte subsets in ten patients (mean age of 27 ± 6 years) with pulmonary tuberculosis were compared with similar data from 25 normal healthy individuals (mean age 24 ± 6 years) retrospectively in Immunology Unit at King Khalid University Hospital, Riyadh. The absolute numbers (523.7 ± 360.9 vs 177.1 ± 133.7, p = 0.0000) and % (28 ± 12.8% vs 9.9 ± 5.6%, p = 0.0000) of the natural killer cells and B lymphocytes 
INTRODUCTION
Mycobacterium tuberculosis (MTB) infection remains a major health problem in many countries of the world. Emergence of human immunodeficiency virus (HIV) infection has contributed significantly to the increase in worldwide incidence of tuberculosis (Raviglione et al., 1992) . Although, one of the third of the world population is currently estimated to be infected by MTB, only 5 to 10% of these individuals develop active disease indicating immune responses controlling the infection (Glassroth, 2004; Kunst, 2006) .
Cell mediated immune response is believed to be an important host response to prevent clinically evident MTB infection. CD4 positive T cells in collaboration with other T cell subsets such as CD8 positive lymphocytes have been shown to be the key players in defending the host infected with MTB (Boom et al., 2003) . Presentation of MTB antigens to CD4 positive lymphocytes result in activation of this lymphocyte subset (Blythe et al., 2007) with a consequent release of interferon gamma (INFγ) that provides protection against MTB infection (Jacobsen et al., 2008) . natural killer (NK) cell is an another important subset of lymphocytes that are not only capable of producing IFNγ along with other cytokines but also mediate killing of intracellular MTB (Bancroft 1993; Biron et al., 1999; Campos-Martin et al., 2004; Brill et al., 2001) .
Optimal number and proportions of lymphocyte subsets are vital for induction of adaptive immunity against MTB. Alterations in T cell counts in the peripheral blood are pivotal immune abnormalities observed in patients infected with HIV (Jiang et al., 2005) , thus predisposing these patients to MTB infection. The immunodeficiency state may further be aggravated by the fact that MTB has been implicated to cause CD4+ lymphopenia (Pilheu et al., 1997) . Assessment of lymphocyte subsets in non-HIV infected patients with tuberculosis may therefore help in understanding the immune abnormalities associated with the condition. This is a retrospective analysis of flowcytometry data for peripheral blood lymphocyte subsets in patients with pulmonary tuberculosis (PTB). The aim of the study was to investigate immune abnormalities associated with MTB infection.
MATERIALS AND METHODS

Study Population
Laboratory data for peripheral blood lymphocyte subset analysis from ten patients with the diagnosis of PTB were examined retrospectively in the Immunology Unit at King Khalid University Hospital Riyadh. There were 4 female and 6 male patients with the mean age of 27 ± 6 years. Diagnosis of PTB was confirmed on clinical, radiological and microbiological evidence. Blood samples were collected prior to initiation of anti-tuberculosis therapy. None of the patients included in the study had any evidence of suffering from diabetes, HIV infection or autoimmune diseases. The study was limited by lack of access to the patient records therefore it was not possible to correlate the laboratory data with the clinical findings. Peripheral blood subset data of the patients were compared with a section of the similar data generated previously for defining the normal range of adult peripheral blood lymphocyte subsets for the Immunology laboratory at King Khalid University Hospital. This group included 8 females and 17 males with the mean age 24 ± 6 years.
Sample collection
A 5 ml sample of peripheral blood was collected from each individual using ethylenediaminetetraacetic acid (EDTA) as the anticoagulant. After the collection, the whole peripheral blood immunophenotyping was performed by flowcytometry according to the protocol of the Centre for Infectious Diseases, USA (Calvelli et al., 1993) . Briefly, 100 µl aliquots of peripheral total blood collected in EDTA were added to 20 µl of relevant monoclonal antibodies (mAbs). The labeled monoclonal antibodies used in the study against cell surface markers included anti-CD3, CD4, CD8, , CD19, CD56 + CD16 and HLA-DR. Isotypic controls included IgG1 labeled with Fluorescein Isothiocyanate (FITC) and IgG2 labeled with Phychoerythrin (PE) mouse antibodies. Table. 1 shows the specificity of the mAbs for each cell type. Following incubation with the relevant mAbs, erythrocytes were lysed using 2 ml of fluorescence-activated cell sorter (FACS) Lysing Solution (Becton Dickinson, Biosciences Pharmigen, San Diego, CA and USA). After lysing the erythrocytes cells were washed twice with 0.5 ml of phosphate-buffered saline containing 0.01% sodium azide. Cell preparations were fixed in 200 ml of FACS fix solution (10 g ⁄ l paraformaldehyde, 1% sodiumcacodylate, 6.65 g ⁄ l sodium chloride, 0.01% sodium azide). Cytofluorimetric data acquisition was performed with a Becton Dickinson FACScalibur instrument. CELLQUEST TM software (BD Bioscience, San Jose, CA, USA) provided by the manufacturer was used for data acquisition and analysis.
Statistical analysis
Analyses of the data were performed using Statistical Package for Social Sciences (SPSS) statistical software (Version 16.0). Student t test was applied for comparison of percentages and absolute numbers between patients and normal individuals. The difference was considered statistically significant when the p value was either equal to or less than 0.05. Table 2 shows comparison of percentages of the peripheral blood lymphocytes subsets from patients with PTB and normal healthy individuals. Whereas the patients with PTB were found to have a significantly higher (p = 0.000) % of NK cells and B lymphocytes, the normal healthy individuals had a higher (p = 0.000) % of CD3 + and CD4 + lymphocytes in the peripheral blood. There was however no difference in the percentages of CD8 + and cells expressing HLA-DR molecules between the patients with PTB and normal healthy individuals. Table 3 shows the comparison of the absolute number of various peripheral blood lymphocyte subsets between the PTB patients and normal healthy individuals. The absolute numbers of NK cells (p = 0.000) and the B lymphocytes (p = 0.02) were significantly higher than the normal individuals. No significant difference in the absolute numbers of the rest of the lymphocyte subsets could be detected. The mean helper suppressor ratio found in the patients with PTB (1 ± 0.4) was significantly lower (p = 0.006) when compared with the normal healthy individuals (1.4 ± 0.4) data not shown. 
RESULTS
DISCUSSION
Alterations in the peripheral blood lymphocyte subsets were detected in this study. The most notable findings were increased percentage with an absolute numbers of NK and B cells while reduced percentage with an absolute numbers of CD4 + lymphocytes in the peripheral blood of patients with PTB. A variety of immune abnormalities of the peripheral blood lymphocyte subsets including NK cells in PTB have already been described in PTB (Snyder et al., 2007; Barcelos et al., 2008) . CD4 + T-cells have been shown to play a vital role in the control of MTB infection, while the role of other cells, such as CD8 + T-cells and γδ T cells, is still controversial (Flynn et al., 2000) . It is primarily due to the conflicting reports of the lymphocyte subsets abnormalities in PTB that there has been no agreement on understanding the mechanisms underlying the disease process. This issue is further complicated by the fact that peripheral blood lymphocyte subsets undergo changes in response to treatment with anti-TB drugs (Veenstra et al., 2006) .
Several studies in the recent past have focused on the role of NK cells in PTB. NK cells have been shown to lyse MTB-infected monocytes and alveolar macrophages (Vankayalapati et al., 2005) . This has been attributed to the NK cells promoting the production of IFNγ by CD8 + cells (Vankayalapati et al., 2004) . Production of IFNγ is believed to be an important host event in defense against MTB (Stenger and Modlin, 1999) , as decreased synthesis of IFNγ has been associated with active tuberculosis (Zhang et al., 1995) . A subset of NK cells with CD3 -CD16 -CD56 + phenotype has been identified to have a capacity to produce high levels of IFNγ along with other cytokines (Cooper et al., 2001; Bantoni et al., 2005) .
A higher percentage of granzyme A CD56 + cells have also been reported in PTB (Vidyarani et al., 2007) signifying the relevance of the GzmA-mediated pathway of apoptosis in immunity against MTB. Collectively these data suggest that NK cells may be pivotal for handling MTB infection. Significantly higher numbers and percentage of CD3 -CD16 + CD56 + NK cells detected in patients with PTB in this study may therefore indicate the contribution of NK cells in the host immune response against MTB infection.
The immune response after MTB infection and disease may be assessed by the measurement of T-lymphocyte phenotypes in the human peripheral blood. Decreased numbers of CD4 + and CD8 + T-cells in patients with active tuberculosis have been reported in several studies (Beck et al., 1985; Onwubalili et al., 1987; Singhal et al., 1989; Jones et al., 1997) . In this study decreased CD4 + counts and percentage were observed in patients with PTB, whereas the CD8 + cells were no different when compared with the normal controls. The reduction in CD4 + cell counts may have resulted in a significantly decreased helper suppressor ratio observed in patients with PTB. CD4+ lymphopenia has been considered as an indicator of disease activity to an extent that depletion of CD4 + cells has been correlated with the severity of the disease process (Jones et al., 1997; Kony et al., 2000) . This is further supported by the fact the CD4 counts have been shown to return to normal after successful treatment of tuberculosis (Rodrigues et al., 2002) . The CD3 + lymphocyte counts though reduced, but failed to achieve statistical significance. The percentage was however significantly lower in patients with PTB in the present study. It is possible that the depletion of CD4 + cells may have mostly contributed to the decreased of CD3 + cell percentage and counts in patients with PTB. The lymphocyte cytotoxic effect of CD8 + cells is strongly related to the host capacity to block the development of disease due to MTB (Flynn et al., 1992) . The normal CD8 + cell counts observed in the present study may therefore indicate a better immune status of the patients in this study.
Immunity against MTB comprises of a predominant cellular response and majority of researchers have dismissed the participation of B cells in defending against the infection. B cells and antibodies are thought to offer no significant contribution towards protection against MTB (Kumararatne, 1997) . However experiments in mice have unveiled the role of B cells in the optimal host response against MTB by increasing the infection inoculum (Vordermeier et al., 1996; Maglione et al., 2007) . In addition the protection of mice against MTB infection by administration of intravenous immunoglobulin (IVIG) suggests further impact of humoral immunity upon host defense in tuberculosis (Roy et al., 2005) . The Almogren. 2051
higher B cell counts and the percentage observed in the present study may therefore have an important bearing on the disease process. The role of B cells in PTB requires further investigation as decreased B cell counts in the peripheral blood have also been reported in patients with active PTB (Corominas et al., 2004) . Expression of HLA-DR molecule is generally regarded as an activation marker. No difference in the expression of HLA-DR molecule on CD3 + cells could be detected in the present study. However a higher percentage of HLA-DR positive CD3 + cells in the peripheral blood of patients with PTB has recently been reported (Aktas et al., 2009 ). It is difficult to interpret the discrepancy as the presence of activated CD3 + in the peripheral blood may indicated systemic host response in PTB which was not detected in the present study.
Conclusion
The peripheral blood lymphocyte alterations in the present study particularly the increased levels of NK and B cells in PTB patients, emphasizes the need for further investigations to evaluate their role in pulmonary tuberculosis. Similarly, MTB associated CD4 + lymphopenia observed in the present study and in other studies require further investigation to gain a better understanding of the mechanism(s) and factors involved.
